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suitable furnace through the window 206 at 750- 1000 
degrees C. A Boron nch glass 212 forms in the window 
206 dunng the injection. A Boron soak is carried out in 
any suitable oven at 75O-1000 degrees C for from 15 
minutes to 3 hours, as appropriate, wherein boron from 
the glass continues to diffuse into the epitaxial silicon to 
form p body contact 158 in the p - tub 160 (FIG. 10). 
The sheet resistance of the p + body contact is 10-100 
ohms/square. 



In a second mas Jung step the field oxide 204 i< nr^ m * 15 a ™f* ea and becomes leaky. The termina 

:ted i„ the penphefal ti^^n ^^l^ " 



an alloy step is performed at 300-150 degrees C in an 
uiert ambient. 
The termination structure 234 comprising field oxide 
gate oxide 214, and polysilicon periphery strip 218 
need only be coupled electrostatically to the epitaxial 
silicon 146 in order to function satisfactorily. The cou- 
pling is achieved when the die is separated from the 
wafer by dicing, since the thin gate oxide 214 near the 
die edge is damaged and becomes leaky. The termina- 



tected in the peripheral termination region, including 
gate finger regions. All oxide is removed from the ac- 
tive device areas, and gate oxide 214 is thermally grown 
at 900 -1100 degrees C. for 20 minutes to 3 hours as 
desired (FIG. 11). 

A polysilicon film is deposited to a thickness of 0.3 
-0.7 microns using any suitable equipment. A polysili- 
con film also is deposited on the backside, and is re- 
moved along with an underlying oxide in a wet oxide 



taxiaJ layer 146. and at this potential acts to exclude the 
depletion region from the leaJcy damaged silicon at the 
die edge. 

FIG. 18A shows one embodiment of the full termina- 
ls tion structure 234. including a typical inactive cell 300 
The inactive cell 300 is similar to the active cells except 
no channel region is provided, although a p- tub 302 
and p-r body contact 304 are provided. Source metal 
306 shorts a polysilicon ring 308 and the inactive cell 



etch for the purpose of exposing <he wafer backside To 20 300 o t h X"^"^^ 8 ffi^h^^ 
heavy diffusion usine Dhosohonis or mh« c„i, 3 hu a — „u^:_ . f . cc * rcx3c ' FIG 18B sh ° w * another 



embodiment of the full termination structure 234 
wherein all portions of polysilicon ring 308 are sepa- 
rated from the underlying semiconductor body by field 
oxide 204. 

FIG. 19 shows a plan view of a completed device 
with the gate fingers 320a-320e. gate bonding pad 322 
source metal 324, and source bonding pad 326 The 
exploded view of FIG. 20 shows the juxtaposition of 
the active ceils 330j-330</ (other active cells in the 



heavy diffusion using phosphorus or other suitable dop- 
ant. The polysilicon film is then doped to less than about 
20 ohm/square, and is patterned in a third masking step 
for opening windows to form p- body, n + source 
regions, and ultimately metal contacts to the source and 25 
body. The polysilicon film is etched in any suitable 
equipment to form gate poly 216 and periphery strip 
218, a component of a termination structure. The resist 

a stripped, and Boron is implanted at a dose of 5E1- U1C -tllvc ceiH (otner act , ve „ ^ 

^EU.ons/crn-and anenergyof^lOOKeV^any 30 dev.ee are no. shown), the inac iv r alls 332a 332rf 
sujub e equipment (F G. 13). The Boron is diffused at (other inact.ve cells in the devTce £ no" shown")^ 
Si 8re " r f u f 1° m,nutcs to 5 hours - « d <- 8a,e finger 320,. and :ne p+ po, ys ^on rina £4 

sired. The purpose of th>s d.ffus.on ,s to form the double These techniques have beenSedTSu^f asoecific 

Sis etctd?ro a rn S the7 "hSPd * on-resista.ee of ..65 mi.lioh^s^ fo^ volt de^ct 

Uiude is etched from the p- body diffusion region 35 and 0.85 milliohms-cm* for 30 volt devices 
osma : either a dry or wet etch, as desired, and a layer of As will be recognized, six maTldng «eS are utilized 
uitable pho.ores.st is deposued and patterned in a in an aJ.ernative embodiment of the °f JSu" S£ 

fourth masking step to form a sound mask (FIG. 14). An J -■ ~ - . IC lao "«>»on process 

Arsenic implant is made using a dose of 1E15-1E16 
ions/cm* at an energy of 60-120 KeV, after which the 40 
resist is stripped (PIG. IS) and the Arsenic diffused at 
850-1 100 degrees C. for 0.5-1 hour to form the annular 
square source region 152 with blunted corners. An 
oxide layer 220 forms during the Arsenic diffusion 



(FIG. 16). The annular square channel 144 with blunted 4J oxide layer 204 shown in FIG. 11B 



described in FIGS. 7A-20 of the present invention. 
These six masking steps are as follows: 

1) a deep P+ masking step in which an opening is 
formed in layer 204 as shown in FIG. 8A through 
which aPt implant is performed; 

2) a masking step in which a portion of photoresist is 
formed to protect and thereby to form the portion of 



corners is defined in the body 158 between the source 
region 152 and the drain 154. Again, see FIGS. 5 and 6. 
At this point, the junction profile of the cell is essen- 
tially established. 

The device is completed by depositing (optionally) 50 
about 1000 Angstroms of LPCVD nitride 222 followed 
by a BPSG deposition of about 0.8-1.3 microns and a 
BPSG refiow 224 at about 850-1000 degrees C (FIG. 
16). The fifth masking step is a contact mask, which 
defines the source-body contact and the poly gate 55 
contact. The BPSG layer 224, the nitride layer 222, and 
the oxide layer 220 are suitably etched in a sequence 
involving, for exampfe, a descum, a dry etch in suitable 
equipment, and a resist strip, followed by a refiow of the 



3) a polysilicon masking step in which portions of 
photoresist are used to protect and thereby to form the 
portions of polysilicon layers 216 and 218 shown in 
FIGS. 12A and 12B; 

4) a contact masking step in which portions of BPSG 
layer 224 are removed to form a contact to P+ region 
158 of FIG. 17A. to form a contact toP+ region 304 of 
FIG. 18A, and to form a contact to poly region 308 of 
FIG. 18A; 

5) a metal masking step in which portions of a metal 
layer 226 are removed to form the metal source elec- 
trode 226 of FIG. 17A. the metal gate finger of FIG. 
18A, and the termination metal 306 of FIG. 18A; and 

6) a pad masking step in which portions of layer 228 



BPSG a. 85^1100 degrees C. for 10-30 minutes (FIG. 60 and/or 230 are removed to expose irtionsTS 

171. A Suitable m^fal cttr>K ic iliiitiinnm *m , M *».^ A t i i r i t'S'm ■ . . . ° 



17). A suitable metal such as aluminum or a material 
such as aluminum with 1 percent silicon is deposited 
using, for example, sputter deposition, and is suitably 
patterned in a sixth-masking step and etched to form the 
source electrode 226. the gate electrode (not shown), 
and termination field plates (not shown). Films of PSG 
228 and/ or plasma nitride 230 are deposited, pad 
contact holes are opened in a seventh masking step, and 
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bonding pad 322 and source bonding pad 326 of FIG 
19 

Another embodiment of the present invention will 
now be described. This embodiment, hereafter referred 
to as one embodiment of a five masking step process, 
requires only five masking steps to fabricate a DMOS- 
FET device, such as a vertical DMOSFET. and an 
associated termination structure. FIGS. 21A-21M show 
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6 - LINES / CHANNEL 




^« J? n a r P/ 3Gv n ama S e of {ne fle * substrate is the high density of routina As 
snown , n figure 9. up to seven rows of solder balls at 1.27nun pitch ca?be 
US, T°^ ,ines ™* ^aces with 0.75mm solder ball anfo 6 ^mm 
tZZ I f ' maSk defined pad - Table 1 shows ,n * the routing caStv of 

The m.n.rnum lines and spaces allowed on the one-metal flex substrate are 
30pm w,th 1 2-18um thick copper and on the two-metal are Su^mtSTSIm 
thick copper layers connected with 50 M m copper filled vias 
All the p| at i n g tales are busse<J tQ ^ centfa| rf ^ 

subsequently punched out. This reduces the routing density and eliminates the - 



Fig 9 S-7BGA flex substrate routing . All dimensions in mm. 
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flex substrate minimizes the hn 0 U iI^SS 5 er reuflri8 prtch on ^ 
t0 the 'nner^most row ci^^£^2^ *" ^ me die 
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w,re length -0.75mm, s.gnal/ P ower bond wire length =i.2mm 

bond with the finest pitch o Teach sSe oTT . ° Mn * pads possibl9 to 
Pitch and wire length assumJE, mJll? J dl6, depend on the bon °" finger 
no less than 45' degrees Si betWeen the wire and *e die edge is 

and decreasing - tcMrom 1 ^ ^ P *°* * the center °' «S* 

125un, easily achieved'* nC£? u sS^f * TS™ t0 

e .rex oubstrate .t allows 3X mere bonding-pads-at a 
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Figure 7-5. Task Gates Reference Tasks 

An interrupt service routine always returns execution to the interrupted procedure, 
which may be in another task. If the NT flag is clear, a normal return occurs. If the NT 
flag is set, - a task switch occurs. The task receiving the task switch is specified by the TSS 
selector in the TSS of the interrupt service routine. 

A task switch has these steps: 

1. Check thai the current task is allowed to switch to the new task. Data-access privi- 
lege rules npply to JMP and CALL instructions. The DPL of the TSS descriptor and 
the task gate must be greater than or equal to both the CPL and the RPL of the gate 
sclcctor.^Exceptions. interrupts, and I RET instructions arc permitted to switch tasks 
regardless of the DPL of the destination task gate or TSS descriptor. i 
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